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More than half a  century has passed since the presentation of evidence that 
sperm are antigenic (1-3). In the intervening years sperm-immobilizing (2-5), 
agglutinating (2,  6--8),  precipitating  (9-11)  and  complement-fixing (7,  12) 
antibodies have been detected in the sera of animals injected with sperm or 
testis (see reference 8 for partial review of the literature). Review of the liter- 
ature  revealed  no  studies  which  considered  the  possibility that  sperm  are 
anaphylactogenic. The  present  study  was  undertaken to  examine  this  pos- 
sibility. 
Materials and Metkods 
The guinea pigs were housed in metal cages in an adequately ventilated and illuminated 
animal room. They were fed a balanced diet which included greens and ascorbic acid. Food 
and fresh water were available at all times. The females used in these studies were selected 
at random from the main colony at different times. A totai of 77 females was used. 
As shown in Table I, 22 females were not injected, and these served as the untreated con- 
trols. Twelve animals were injected with adjuvant alone (Freund type, consisting of paraffin 
off, arlacel A, and Mycobadgrium buCyricuma). These females served as the injected controls. 
Six animals were injected with 0.5 ml. of guinea pig testis prepared by homogenizing a 
weighed amount of fresh or frozen-thawed guinea pig testis in a Ten Broeck grinder with an 
equal volume of a 0.9 per cent solution of NaC1. 
Twelve animals were injected with guinea pig testis in adjuvant; aliquots of the saline 
homogenate, prepared as described above, were emulsified in equal volumes of adjuvant with 
the aid of a syringe and a blunt-tipped 15-gauge needle. 
Three females were injected with guinea pig sperm in saline. The sperm were obtained and 
prepared as follows. Using a 22-gauge needle and a 5 ml. syringe, a 0.9 per cent NaCI solution 
was forced through the dissected vas deferens of male guinea pigs. When the pressure had 
bulged the tubules of the epididymis, which was separated from the testis, the epididymis was 
slit and the sperm were collected in test tubes. The sperm were centrifuged at 2,000 R.P.M. 
for 10 minutes and were washed twice in 10 ml. amounts of saline. After each wash the super- 
natant fluid was discarded, and after the last wash the sperm sediment was weighed. Ten to 
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15 mg. of the guinea pig sperm were resuspended in 4 ml. of the 0.9 per cent saline, and 0.5 
ml. of the suspension was injected. 
Ten females were injected with guinea pig sperm in adjuvant; aliquots of the sperm suspen- 
sions (obtained and prepared as noted above) were emulsified in equal volumes of adjuvant. 
Five females were injected with rabbit testis in adjuvant prepared in the manner described 
for the guinea pig testis. 
All injections of materials in saline were made subcutaneously or intraperitoneally, whereas 
the materials which were combined with adjuvant were injected intracutaneously in the nuchal 
region in 0.5 to 1.0 ml. amounts in 3  to 7 sites. For the latter injections, a  1.0 ml. syringe 
and a  26-gauge needle were used. 
Four females were injected intracutaneously with 0.5 ml. of rabbit sperm in adjuvant and 
with a similar volume of guinea pig sperm in adjuvant. 
An interval of a week was allowed before reinjection of those animals which received more 
than one injection. 
All animals were examined periodically during the course of the experiments. Of the 77 
animals which were used, three were found dead. One died 11 days after receiving adjuvant 
alone; two, which had been injected with guinea pig and rabbit sperm in adjuvant, died 1 and 
4  days,  respectively, after injection. Autopsy of these animals did not reveal the cause of 
death. These animals are not included in Table I. 
At the time of sacrifice, each animal was exsanguinated and autopsled. Portions of ovary, 
uterus, ileum, liver, and kidney were taken for histological examination. 
The uterine horns and a  3 to 4 cm. portion of the ileum were removed from each animal 
and placed in beakers containing perfnsion fluid, Locke's solution (13). The organ to be tested 
(Fig. 1, D) was suspended in a bath by means of a lower thread to a bent glass rod  (Fig.  1,  B) 
and by an upper thread to a  muscle lever (Fig.  1,  C and E). The bath was maintained at 
37.5 ±  0.5°C. by means of a constant temperature circulating water system which consisted 
of a  heating element, a  thermostat, and a  centrifugal type pump immersed in an insulated 
container filled with water (14). A mixture of 95 per cent O~ and 5 per cent CO2 was brought 
to the bath by means of a hose, the end of which was fitted to a 26-gauge syringe needle in- 
serted through a  rubber diaphragm into the lower part of the bath. The bath was a  double 
walled glass chamber of ll ml. capacity (Fig. 1, A), and it was emptied or replenished with 
Locke's solution by a  three-way stop-cock. Fresh fluid was drawn from a double walled glass 
reservoir, the temperature of which was kept at 37.5°C. by the circulating water system. The 
bath and associated reservoir are illustrated in Fig. 1. 
Contractions of the organs were recorded on smoked paper with the aid of a  kymograph. 
An interval timer which gave pulses at 5 second intervals was used. 
Uterine Experiments .--Each uterine horn  was allowed to acclimatize in the bath for approxi- 
mately one-half hour or until reproducible baseline values for rate and amplitude of con- 
traction were obtained. After the preparation had equilibrated, 1 ml. of a  sperm suspension 
(in Locke's solution) was introduced slowly into the bath as far away from the preparation as 
possible. The sperm used for the studies in vitro were obtained from the epididymides in the 
manner described previously, and,  after washing twice,  they were resuspended in 4  ml. of 
Locke's solution. Live, unwashed sperm as well as frozen-thawed, washed sperm were used in 
some of the experiments. 
Numerals were used to grade the responses of the coruua. Contraetures which were main- 
tained for more than 5, 15, or 30 minutes after the introduction of sperm were given values of 
1, Z, and 3, respectively, and those which were maintained for 1 hour or longer were rated at 
4. When no effect was observed, the rating was 0, and when the effect was dissipated in less 
than 5 minutes, the rating given was --1. 
If no response occurred within 2 minutes after the addition of sperm, the preparation was 
tested with another sperm sample. When a  positive response was obtained, another sperm 97 
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Rabbit  0 
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Rabbit  0 
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1 
3 
Rabbit  0 
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FIG. 1.  Diagram of the bath and reservoir used in these studies. The bath (inset) was a 
double walled glass chamber (A) in which the organ (D) was attached by a lower thread to a 
glass rod (B)  and by an upper thread (C) to a muscle lever (E). SEY~'OU~  ~TS~  99 
sample was introduced after baseline values for amplitude and rate were regained, if this 
occurred within the next 5 to 10 minutes. If baseline values were not regained within 10 min- 
utes, the preparation was flushed two to three times at 10 minute intervals thereafter, and 
recording was continued. The longest observation period was 4 hours. 
Experiments with th~ Ilcum.--The ileal segments were tested in the following manner. Within 
5 minutes after the ileum was suspended in the bath, 1.0 ml. of the sperm suspension was 
added and the response recorded. If no response occurred in 2 minutes thereafter, the prepara- 
tion was retested with another sperm sample. When a response was obtained, the preparation 
was flushed after the maximum contraction had been reached.  Mter baseline values were 
regained, the preparation was retested with another sperm specimen. If baseline values were 
not regained in 5 minutes, the segment was not tested further. 
The uteri and ilea of immunized and control animals were also tested for their reaction to 
heterologous sperm. For this purpose, washed epididymal sperm of the buU and rabbit were 
used, and in a  few cases ilea were also tested with rat, mouse, opossum, and rooster sperm. 
The cornua and ilea of guinea pigs which were injected with homologous testis or  sperm 
were exposed to bull or rabbit sperm before chaUenging with homologous sperm. 
The uterine horns and ilea of  animals which were injected with heterologous material 
were tested first with homologous sperm and then with heterologous sperm. 
In cases in which guinea pigs were injected with more than one antigen, each uterine horn 
was exposed to the respective sperm in reverse order. 
OBSERVATIONS  AND  RESULTS 
During the interval between injection and sacrifice, no animal was observed 
to  experience  respiratory  difficulty. At  autopsy there  was  no  indication of 
hemorrhage or edema in the pleural, pericardial, or peritoneal cavities in any 
of the animals. Gross examination of the heart and lungs and histological ex- 
amination of the ovaries, uteri, ileum, liver, and kidney revealed no differences 
between the organs of the experimental animals and those of the controls. 
Table I presents the results of the experiments in vitro. 
Uninjected  Controls.--The  cornua and the ileum of  each of  13  of  the 22 
uninjected animals gave no response when challenged with homologous sperm. 
Figs. 2 and 3 illustrate the lack of response (rated as 0) of the uterus and of the 
ileum respectively. The uteri and the ilea of each of the remaining 9 animals 
did respond to guinea pig sperm. Within l0 to 30 seconds after the exposure, 
the organ contracted maximally. The response was transitory in  11  of the  12 
cases,  and baseline values were regained within 5 minutes after exposure to the 
sperm. Therefore, these were rated as  --1.  Figs. 4  and 5  illustrate the brief 
period of heightened contraction for the uterus and ileum respectively. In one 
case the degree of response of the uterus was greater, namely 2, and the ileum 
of this animal also reacted strongly. 
Challenging with rabbit or bull sperm did not produce contracture in any of 
the organs tested. 
Adjuvant-Injected  Controls.--Of  12 animals which were injected with  adju- 
vant alone, 4 had cornua and ilea which gave a positive response to sperm.  In 
all 4 cases, baseline values were regained within 5 minutes, and, therefore, these I00  P~ESPO~SE  TO  INJECTIONS  OF  TESTIS  OR  SPERM 
reactions were rated as -- 1. The organs of the remaining 8 animals did not re- 
spond to the challenge. 
Guinea  Pig  Testis  in  Saline.--Six  guinea  pigs  which  were  injected  with 
homologous testis in saline had uteri and flea which responded by contracting 
within 30 seconds after the challenge with homologous sperm. The uterine re- 
sponse ratings were as follows: 21 days after a single injection, the response was 
2; 23 days after the first of 3 injections, one animal's uterine response was 3, 
whereas the uterus of the other animal responded weakly; at 25 days after the 
first of 3 injections, the animal's uterine response was 3. Thirty-one and 39 days 
after the first of 4 and 3 injections, the reactions were weak, 1. The ilea of all 
6  animals responded positively to  the  antigen. Exposure  of the  organs to a 
second dose of homologous sperm was without effect. 
Guinea Pig Testis in Adjuvant.--The uterine horns and the ilea of 11 of the 
12 guinea pigs which were injected with homologous testis in adjuvant gave 
positive responses to the challenging dose of guinea pig sperm. At 15 days after 
injection, the organs of 1 of 3 animals did not respond; the other 2 animals had 
uteri which gave a I  and 2 response respectively, and the flea also gave positive 
responses. At 16 days, the uteri and ilea of 3 animals gave positive responses. 
At 21 and 25 days following the sensitizing injection, the reactions of the organs 
to the provoking dose of antigen were strongest, 4,  and Fig. 6  illustrates the 
degree of response observed for the uterus. It can be seen from this kymogram 
that contracture occurred within 30 seconds after the sperm were placed into 
the bath.  The uterine horn remained in a  tonic state of contracture despite 
several washes of the perfusion fluid. It can also be noted that the rhythmic 
pattern  of contraction was maintained even in the highly contracted condi- 
tion. In these cases, in which a  maximal response was elicited, the condition 
was maintained for as long as the observation period lasted, up to  4  hours. 
During this time, neither frequent flushings of the bath nor additional doses of 
sperm from the same or different males served to return the contracture height 
to baseline. 
The  animals  whose  uteri  reacted  strongly  also  possessed  ilea  which  re- 
sponded by long maintained contracture after challenging with sperm.  Fig. 7 
presents this evidence. It can be seen that the contracture is not relieved by 
washing and is unaltered by addition of homologous or heterologous sperm. 
At 38 days after injection, the responses were weaker than at 25 days. 
Trials with rabbit sperm induced contractures of short duration in the uteri 
of 2  animals.  In  one  other  case,  the  ileum  responded  to  both  rabbit  and 
guinea pig sperm. 
Guinea ,Pig Sperm in Saline.--Three  guinea pigs which were injected with 
guinea  pig sperm  in saline  had cornua and ilea which  gave  positive results 
when provoked in ~itro with homologous sperm. The rating of the response  at 
the 21 to 25 day interval was 2, and at the 39 day interval it was 1. SEYMOUR  KATSH  i01 
Fins. 2 and 3.  Copies of kymograph tracings of the uterus and ileum,  respectively, of un- 
injected control guinea pigs. It can be seen that the organs did not respond in vitro to sperm 
administration (indicated by the arrows leading to the numerals). 
FIGS. 4  and 5.  Illustrations of the transitory nature of the responses of the uterus and 
ileum, respectively, of animals which were uninjected or injected with adjuvant alone. In 
Fig. 4, it can be seen that the uterine contracture lasted for less than 5 seconds and that the 
subsequent exposure to sperm was without effect. 102  RESPONSE  TO  INJECTIONS  OF  TESTIS  OR  SPERM 
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Guinea Pig Sperm in Adjuvant.--All of 10 females which were injected with 
sperm in adjuvant had uteri and ilea which responded to guinea pig sperm by 
contracting. In 5 of the animals, the responses were maximal, namely 4.  Fig. 
8 illustrates the type of response. Comparison of this kymogram with Fig.  6 
leads to the observation that the two are indistinguishable  as regards mainte- 
nance of the rhythmicity of contractions in the heightened contracted condition, 
and non-reactivity to flushing and to the addition of other sperm samples. The 
ilea of these animals also responded strongly. Of the uteri which regained base- 
line values within  10 minutes, retesting with homologous sperm proved nega- 
FIG.  7.  Response of the ileum of a female sensitized with testis in adjuvant after challenging 
(at 2) with homologous sperm. The contracture is not altered by further addition of sperm or 
by flushing the bath (at W). At 1, the preparation was exposed to 0.25 X  10  -6 •  acetylcholine 
to which the organ responded immediately and the effects of which are promptly reversed by 
flushing the bath. 
tive. Rabbit  sperm  did not  stimulate  contractions. The ileum of the female 
whose uterus exhibited a reaction rated as 3 was found to be reactive to rabbit, 
rat, and rooster sperm as well as to the homologous sperm. 
Rabbit Testis in Adjuvant.--The organs of all 5 animals which were injected 
with rabbit testis in adjuvant responded to the challenge with rabbit sperm; 
the uterine reactions were graded as 1 to 3. The tests of the uteri with guinea 
pig sperm were negative in 4 cases, and one case exhibited a  1 response. The 
flea responded only to the rabbit sperm. 
Guinea Pig Sperm  and Rabbit Sperm  in A djuvant.--The  following results 
were obtained with  the  organs  of guinea pigs injected with  both guinea pig 
and rabbit sperm in adjuvant. Twenty days after injection, the uterine horns 
of one of the guinea pigs had a 2 reaction to guinea pig sperm, but they did not 
react to rabbit sperm. The ileum of this animal reacted to rabbit sperm but not 
to guinea  pig sperm.  The uterus  of  the  other  female sacrificed at  20  days 
reacted to both guinea pig and rabbit sperm, 1 and 21 respectively. The ileum 
of this  animal  did not  respond to guinea  pig sperm  but  did react  to rabbit 104  RESPONSE  TO  INJECTIONS  OF  TESTIS  OR  SPERA{ 
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sperm. At 22 days after injection, the uterus responded to guinea pig sperm, 2, 
and to rabbit sperm, 3. The ileum of this animal did not respond to guinea pig 
sperm but did react to rabbit sperm, and, when retested with rabbit sperm, the 
ileum failed to contract. At 23 days after injection, one uterine horn responded 
when challenged first with guinea pig sperm but did not react to the subsequent 
administration of rabbit sperm. The contralateral horn responded when chal- 
lenged first with rabbit sperm but did not react to the subsequent administra- 
tion of guinea pig sperm. The ileum of this animal failed to respond to guinea 
pig and to rabbit sperm. 
DISCUSSION 
The anaphylactic type of response was first demonstrated in vitro by Schultz (15) 
who used horse serum as the antigen and the ileum of the guinea pig as the test organ. 
Dale (16) recorded observations on the anaphylactic reaction  of the uteri of guinea 
pigs which were sensitized to one or several antigens (horse serum, sheep serum, egg 
white) injected singly or in combinations. Since that time the Schultz-Dale test has 
been employed extensively to study experimentally induced hypersensitivity (review 
by Seegal, 17). The studies have demonstrated that the isolated ileum or uterus of 
the guinea pig responds specifically to the antigen with which the animal was sensi- 
tized;  the organs do not contract in the presence of other antigenic materials. 
The current studies reveal that injections of testis or sperm induce a  sensi- 
tization of the smooth  muscle-containing organs  of  the  body.  The  specific 
nature of the sensitization is not defined for the following principal reason. Ac- 
cording to the available information upon which the various types of hypersen- 
sitivity are  classified  (18),  spasmodic  contraction  of  involuntary muscle  is 
obtained in the Arthus, anaphylactic, and pollen states of hypersensitivity but 
not in the tuberculin type. While this appears to rule out a tuberculin type of 
response, there is insufficient evidence to base a conclusion as to which of the 
other three states might best describe the type of sensitivity induced by sperm 
or testis injection. For this reason the term, anaphylactoid, is used to indicate 
that a similarity exists between the type of sensitization induced by sperm and 
that induced by other agents which induce anaphylaxis. It is recognized, how- 
ever, that dissimilarities exist between the true condition of anaphylaxis and 
that of an anaphylactoid condition: in the former case, edema, hemorrhage, and 
respiratory embarrassment may lead to fatal anaphylactic shock following ex- 
posure of the sensitized animal to the specific antigen. In the current studies, 
edema, hemorrhage, and respiratory involvement were not observed even after 
repeated injections. Also, one of the three fatalities (mentioned previously in 
Materials and Methods) followed injection of adjuvant without antigen, and 
the other 2 animals died following the sensitizing injection. In any case, the 
low incidence of mortality appears to rule out true anaphylaxis. 
A  point of similarity between the anaphylactoid reaction and anaphylaxis 106  RESPONSE  TO  INJECTIONS  0]~ TESTIS  OR SPERM 
is that the highest reactivity of the isolated tissues of guinea pigs injected with 
sperm or testis occurred during the 3rd week after injection, and this is the 
interval which Dale (16) reported to be necessary for the anaphylactic reaction 
to reach a maximum. 
There can be little doubt that the injections of testis and of sperm induced 
a  state of hypersensitivity: (a) The isolated organ did not react immediately 
to the challenge; there was an interval of 10 to 30 seconds before a contracture 
occurred. Extensive studies with acetylcholine and histamine of varying con- 
centrations demonstrated that the response of the uterus and ileum to these 
muscle stimulants is instantaneous. (b) After a contracture had been elicited by 
challenging with sperm, retesting with the same kind of sperm specimens did 
not produce contractures. This result is excellent evidence of desensitization 
and mitigates against non-specific muscle stimulants, the effects of which can 
be demonstrated repeatedly on the same preparation. 
The following lines of evidence also support the view that antigens of sperm 
or testis are responsible for the results obtained. Animals which were injected 
with rabbit  testis had  organs which responded to rabbit  sperm  and not to 
guinea pig sperm, with one exception. The one exception may be explainable on 
the basis of cross-reactivity. Two of 4 animals which were injected with rabbit 
sperm and guinea pig sperm responded to both rabbit and guinea pig sperm, 
whereas in only one other instance in all the groups was an animal found which 
responded to rabbit sperm or bull sperm. This result appears to indicate a high 
degree of species selectivity, if not specificity. 
The main reservation which  can be  entertained involves the positive  re- 
sponses of the organs of uninjected and adjuvant-injected animals. The most 
intriguing explanation for this result is as follows. The  animals were  taken 
from the colony in which they had been exposed to males. In fact, some were 
found pregnant and were not used. It is possible that during copulation some 
of the  animals became  sensitized to  sperm.  This  explanation suggests  that 
sensitization to sperm introduced into the reproductive canal during copulation 
may be a common occurrence, because about 38 per cent of the total number 
of control animals exhibited some degree of reactivity to the challenge. Although 
the literature does not supply experimental evidence to support this specula- 
tion, it is pertinent to note that Austin (19) has observed phagocytosis of sperm 
in the uteri of mice and rats after copulation. Phagocytic removal of sperm 
could be the mechanism whereby the antigen is brought to other tissues of the 
body. In this manner, the flea as well as the cornua could become sensitized. 
Attempts to verify this explanation are underway. It is important to know 
if, following copulation, there occurs an immune response in the female. If the 
sensitization is strong enough and continues to be maintained by further copu- 
lations, it is possible that fertility of the female could be affected, since in a 
highly contracted uterus, implantation of the blastocyst might be inhibited or SEYMOU~ ~TS~  107 
prevented.  In  this respect,  it should be noted that  the uteri  of some of the 
animals injected with homologous testis or sperm remained contracted for long 
periods after the challenge  with sperm.  This suggests that  the possibility of 
conferring infertility upon the female by injection of testis or sperm remains to 
be explored. 
s~  ARY 
Female guinea pigs were injected with the following materials: homogenates 
of guinea pig testis in saline  or in adjuvant; suspensions  of washed guinea pig 
sperm  in  saline  or  in  adjuvant;  homogenates  of rabbit  testis  in  adjuvant; 
guinea pig sperm and rabbit sperm in adjuvant. Control animals  were not in- 
jected or were injected with adjuvant alone. 
At various times between 15 and 39 days after injection, the animals  were 
sacrificed.  Their ilea and uterine horns were removed and tested in vitro  for 
reaction to washed epididymal sperm of the guinea pig, rabbit, or bull. 
It was found that the animals which were injected with homologous testis or 
sperm in adjuvant possessed organs which responded strongly to the challenge 
with homologous sperm. The response was a contracture which began 10 to 30 
seconds after the sperm were injected into the bath and lasted for 5 minutes to 
4 hours, the longest period of observation. Responses which lasted for periods 
of 5 minutes to 30 minutes were obtained with the uteri of the animals  injected 
with guinea pig testis in saline  or with  guinea pig sperm in saline.  Animals 
which were injected with rabbit testis and adjuvant responded to rabbit sperm, 
and animals injected with guinea pig sperm and rabbit sperm in adjuvant re- 
acted to both gametes. 
A  large proportion  of the  control animals  possessed organs  which reacted 
weakly to the challenge  with homologous sperm.  Retesting the organ which 
had contracted following exposure to sperm indicated that desensitization had 
occurred. Testing with heterologous sperm indicated a species selectivity. 
The evidence is interpreted to mean that injections of sperm or testis induce 
a hypersensitivity which is similar  in some respects but differs from true ana- 
phylaxis. 
The findings are discussed from the point of view of the nature of the response 
and the implications regarding natural immunity to sperm. 
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